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abstract 


The ultimate goal of this work is to minimize the liquid waste generated from the 
scrubbing of hypergollc vent gases. In particular, nitrogen tetroxide, a strong o dlzer 
used in hypergollc propellant systems. Is currently scrubbed with a sodium hydroxide 
solution resulting In a hazardous liquid waste. This study Investigated the use of a 
solution of potassium hydroxide and hydrogen peroxide for the nitrogen tetroxide vent 
scrubber system. The potassium nitrate formed would be potentially usable as a 
fertilizer. The hydrogen peroxide Is added to convert the potassium nitrite that Is formed 
into more potassium nitrate. Small scale laboratory tests were conducted to estabhsh 
the stability of hydrogen peroxide In the proposed scrubbing solution and to evaluate the 
effectiveness of hydrogen peroxide In converting nitrite to nitrate. 


237 



B. H. Glasscock 


4 


SUMMARY 


Small scale laboratory tests were conducted to evaluate the stability of hydrogen peroxide 
fn 2 S) hi alkaline mixtures, some of which Included nitrate and nitrite M^and which 
were adjusted to different pH levels. These mixtures simulated the P ro P° se ^ ^™ bber 
liquor for removing nitrogen tetroxide (N 2 0 4 ) from the scrubbing of h JT>er^.Uc vent Jgases. 
Currently the N 2 0 4 vent gas Is scrubbed with a sodium hydroxide (NaOH) so ution 
resulting in a hazardous liquid waste. This study investigated the use of a solution o 
potassium hydroxide (KOH) and hydrogen peroxide (H^g) for the ^^gen tetiwdde ve 
scrubber system with a goal of producing a solution of potassium nitrate (KNO 3 ) that 

could be used as a fertilizer. 

A series of three different stability studies were conducted. In the : first ^ study _a 2 
factorial experimental design was used to compare the effec o ourv the cation) 

concentration, nitrate concentration, and sodium (Na^ or P°^ a J Qirmificant 

on the response variable. %H 2 0 2 decomposed. It was oun ^ ^ 

effect was the pH; an average of 65% of the H 2 0 2 disappeared^ pH = 9 and onty 4 /o 
SsanoeSed at pH = 6 afte?68 hours at room temperature. The potassium salts may 
have a slight stabilizing effect over the sodium salts. It also appears that when there 
iTrite prfenm the original solution, a significant portion of the nitrite reacted with the 

hydrogen peroxide to yield nitrate. 

11 The decomposition rate was very high Initially and then leveled off with time when 
expressed as %decomposed/hour. 

Tire third stability study was a 2 ? tetorW f^^menW ^ ^triu held 

three variables (pH. H 2 0 2 concenhaUon. Na or lO « some 

constant, on the response variable, %H 2 0 2 decomposer u. vv 

the nitrite is converted to nitrate. 

in addition, preparations were made to conduct snml L^ e “ ru ^ u ^S^,‘ S b * 
measure the efficiency of the solutions on removing 2 4 6 

time limitations prevented the completion of this part of the work. 

In conclusion, a mixture of potassium hydroxide and hydrogen 

as a scrubbing liquor for N 2 0 4 because of its ability to convert the a fertilizer 

nitrate, thus producing a solution that may be useful as a feed stream to a lerunze 

manufacturer. 
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1. introduction 


1.1 BACKGROUND 


Hypergolic fuels are used at Kennedy Space Center (KSC) and Cape Canaveral Air Force 
Station (CCAFS) for propulsion In Space Shuttle Orblters, satellites, etc. During on- 
ground servicing involving hypergols, such as transfer between storage tank and orbiter, 
the excess hypergols are purged and flushed from tanks and transfer lines using gaseous 
nitrogen. There Is no storage capability for this vent gas mixture of nitrogen and hypergo 
and it must be scrubbed, i.e. the hypergol removed, before being released to the 
atmosphere. This scrubbing Is accomplished by bubbling the gaseous stream through a 
liquid that will react with the hypergol to convert it into a water soluble species, thus 
removing it from the gas stream. The liquid waste stream can then be disposed. 


The two primary hypergols currently used in the space program y ’ 

hydrazine (MMH) as the fuel and nitrogen tetroxlde {N 2 O 4 } as the oxidizer, MNffl vent 
gas is scrubbed with a citric acid solution and the N 2 0 4 vent gas Is scrubbed with a 
sodium hydroxide (NaOH) solution. The spent scrubber solution for the N 2 0 4 vent gas 
constitutes the second largest hazardous waste stream at the Kennedy Space Center an 
Is the subject of this study. 


1.2 SCRUBBER SYSTEM 

The currently used scrubber solution for the N 2 0 4 vent gas Is 25 wt.% NaOH. Because 
there is no storage capability for the vent gas. a scrubber system is required at each 
location where the N 2 0 4 gas Is handled and as a result, there are at least ten separate 
scrubbing systems in the KSC/CCAFS complex. Figure 1 shows the schematic for one 

such system. 

The scrubber liquor is held in a 750 gallon tank and Is pumped at a rate of 80 to 200 gpm 
to a distributor In the piping which divides the flow equally to the tops of four gas 
scrubbing columns. The liquor flows in parallel, downward through the columns and is 
returned to the tank. The N 2 0 4 vent gas flows in series through the four gas scrubbing 
columns, entering from the bottom and exiting the top of each column The ^ent gas only 
passes through the gas scrubbing train once, but the scrubbing liquor to rec f ^ uIat ^ p U ^ 
the scrubbing capacity has been determined to be sufficiently exhausted. The gas 
scrubbing columns are packed with polypropylene Pall rings to enhance the contact 
between the gas and liquid. 

The concentration of N 2 0 4 in the vent gas and the flow rate before entering the scrubbing 
system can vary widely depending on the conditions and the operation that generated the 
vent gas. Typically the vent gas associated with loading N 2 0 4 on the shuttle orbiter when 
it is on the launch pad results in high levels of N 2 0 4 and high volumes of vent gas 
because of the large quantity of N 2 0 4 being handled. Concentrations of in the vent 
gas can range from 100,000 ppm to 900,000 ppm at flow rates of 10 to 400 cftn. 
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Atmosphere 


rxxxJ 


NjO, 

Vent Gas^ 
10-400 cfm 


Gas 

Scrubbers 


Liquid 
80-200 gpm 



750 gal. Scrubber Liquor Tank 


Figure 1. Vent Gas Scrubber System. 


The efficiency of the vent gas scrubber system can be calculated as shown in equation (1). 

Efficiency = 100% x - [N 2 04 ] O ut)/l N 204 lin ^ 

where lN 2 0 4 lin represents the concentration of N 2 0 4 in the feed gas and [N 2 0 4 l 0 ut 
represents the concentration of N 2 0 4 in the exit gas released to the atmosphere. 

1.3 CHEMISTRY 

The reaction chemistry of nitrogen tetroxide gas reacting with aqueous solutions of alkali 
is extremely complex when one considers all of NO x species that may be present in the gas 

and reactivities in the liquid phase Nitrogen tetroxide 

S55 te VdSer rf Imogen dioxide (NOJ and both exist in equilibrium^ the^ounts 
determined by the temperature, pressure, and concentration o e syse^ m0 re 

(NO) will also be present as a byproduct of the liquid phase reactions. Some of the more 
important chemical reactions in the gas phase and in the liquid phase for the cu 
NaOH system are shown below, although others are known to occur al . 


Gas Phase Reactions 


2 N0 2 <— > H 2 0 2 
N0 2 + NO < — > N 2 0 3 


( 2 ) 

( 3 ) 
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Unnlri Phase Reactions 

N 2 0 4 + 2 NaOH <— > NaN0 2 + NaN0 3 + H 2 0 
N 2 0 3 + 2 NaOH < — > 2 NaN0 2 + H 2 0 
N0 2 + NaN0 2 <— > NaN0 3 + NO 
3 N0 2 + 2 NaOH <---> 2NaN0 3 +NO + H 2 0 


Reaction #4 is the primary liquid phase reaction and if it were the only reaction occurring, 
"olos of NaNO, and NaN0 3 would be formed. However beeauoe of ^e oUrer Uqu d 
phase reactions occurring, the moles of NaN0 3 is always greater than the moles of NaN0 2 . 


The reactions for a solution of KOH instead of NaOH are expected to be similar to the 
above reaction for NaOH. however the rates and equilibrium concentration may be 


different. 
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2. PROPOSED SCRUBBER LIQUOR 


2.1 COMPOSITION 

The proposed scrubber solution would utilize potassium hydroxide (KOH) rather than 
loLm hydroxide (NaOH) because the potassium nitrate (KNOg) produced Is more 
attractive to the fertilizer industry than the corresponding sodium salt. 

In addition, hydrogen peroxide will be explored as an additive In the hopes of converting 
the nitrites to nitrates according to the following reaction. 

H 2 0 2 + KN0 2 — > kno 3 + H 2 0 ^ 

•thus, the new scrubbing liquor under study would contain 10 to 25 wt.% KOH and 0 to 
10 wt.% H 2 0 2 - 

2.2 CONCERNS 

As promising as this proposed scrubbing liquor appears, there are a number of concerns 
that will need to be addressed before it could be adopted. 

2.2. 1 PRESENCE OF NITRITES 

Ittshoped that the hydrogen peroxide can drive this ratio even higher. This will be a key 
evaluation criteria for the proposed scrubbing liquor. 


2.2.2 STABILITY OF HYDROGEN PEROXIDE 


Z.Z.Z o i a j. vyi A ~ — 

Hydrogen peroxide undergoes homogeneous decomposition in the presence of catalysts 
and alkali as shown in the following reaction. 

h 2 o 2 ---> h 2 o + V2O2 (9) 

Solutions of H 2 0 2 are most stable at a pH of about 4.0 5.0. Thus^ it will be 

concern whether the H 2 0 2 will last long enough in a basic solution to re 

nitrites. 

The stability usually increases with increasing concentration of H 2 0 2 and decreases with 
temperature as would be expected. 

2.2.3 EFFICIENCY OF SCRUBBER LIQUOR 

As previously discussed, the efficiency of the vent gas scrubber system Is calculated as 
was shown in equation (1), 
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Efficiency = 100% x (IN 2 C> 4 lin * lN 204 ] ou t)/(N 204 lin (1) 

Any scrubber liquor must be able to meet the requirements for reducing the emissions of 

n 2 o 4 . 

2.2.4 SOLUBILITY" OF POTASSIUM NITRATE 

One possible constraint of the potassium system that may not be readily apparent is the 
solubility limit of potassium nitrate. The solubilities of NaNOa and KNO 3 In water at 25 C 
are shown In the table below in the standard units of g ./100 ml. saturated solution, and 
using the densities of the solutions, have been converted to wt%. 


Table 1 . Solubility o/NaN0 3 and KNO 3 in Water at25°C. 



Solubility, 

Density, 

Solubility, 

at 25°C 

g / 100 ml 

g /cc 

wt% 

NaN0 3 

92.1 

1.5 

61.4 

KNOa 

27.7 

1.16 

23.8 


It can be seen that NaN0 3 is almost three times more soluble than KNO 3 in water. It is 
not known what the effect of the other species in the scrubbing system might have on 
solubility or If concentrations approaching the solubility limits would be reached. 
Nonetheless, this concern warrants further consideration as It would be extremely 
undesirable to have solids precipitating In the scrubbers or piping. 

2.2.5 CAPACITY OF SCRUBBER LIQUOR 

The capacity of the scrubbing liquor can be described as how much N 2 O 4 could be 
absorbed by one tank batch of liquor. Assuming the limiting factor Is the solubility of the 
nitrate and that we have been successful in converting all of the nitrite to nitrate, then 
one can calculate how much hydroxide would have reacted to reach that limit as shown in 
equation (10). In addition, one can calculate how much N 2 O 4 would have been absorbed 
or reacted to reach that limit. Using the solubilities presented In the previous section and 
assuming a batch size of 650 gallons, the numbers shown In Table 2 are generated. 

2 OH' + N 2 0 4 + H 2 0 2 — > 2 NO 3 ' + 2 H 2 0 (10) 

As shown in Table 2, the NaOH solution can theoretically hold over three times as much 
N 2 0 4 as the KOH solution, due to the solubility differences In their nitrate salts and the 
difference In molecular weights. It Is interesting to note that the solubility limit for the 
sodium system would be reached If 28 wt% NaOH reacted to form NaNOa, which is greater 
than the 25 wt% NaOH currently used as a scrubbing liquor. Thus all of the NaOH in the 
current solution of 25 wt% could form NaN0 3 with no precipitate forming. In actuality not 
all of the NaOH Is consumed and currently the more soluble NaN 02 Is also formed so the 
system is far from the solubility limit. However, the proposed potassium system could 
operate near the solubility limit for KNO 3 , limiting the overall capacity. 
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Table 2. Maximum capacity of scrubbing liquors. 


at 25°C 

Wt% hydroxide 
reacting 
to reach NO 3 
solubility limit 

Maximum capacity 
kg. N 2 O 4 absorbed 
at solubility limit 

NaOH 

KOH 

28 wt% NaOH 
13 wt% KOH 

940 kg N 2 O 4 
310 kg N 9 O 4 


This concern will be somewhat mitigated If the spent scrubbing liquor containing 3 
can be used as a fertilizer rather than being classified as a hazardous waste. So that even 
If more scrubbing liquor must be used, this Increased cost will be partially offset by not 
incurring a disposal fee and perhaps by income from the fertilizer company. 
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3. MATERIALS AND METHODS 


3.1 STABILITY STUDIES 

The goal of the stability studies was to measure the stability or the rate of decomposition 
of hydrogen peroxide as a function of time, at different pH levels and with different levels 
of salts present. The nitrate and nitrite salts serve to simulate a partially used scrubbing 
liquor. 

3.1.1 STABILITY STUDY #1 

In the first study a 2 4 factorial experimental design was used to compare the effect of four 
variables (pH. [N0 2 ], [N0 3 ], Na + or K*), each at 2 levels, on the response variable. %H 2 0 2 
decomposed. The design matrix for this study is shown below in Table 3. 


Table 3. Stability Study #l-2 4 Design Matrix. 





NaN0 2 

NaN0 3 


Cation 

pH 

or KN0 2 

or KNO3 


- = Na + 

- = 6 

- = 0 wt% 

- = 0 wt% 

Test # 

+ 

II 

+ = 9 

+ = 5 wt% 

+ = 5 wt% 

1 

- 

- 

- 

- 

2 

- 

- 

- 


3 

- 

- 

+ 

” 

4 

- 

- 

+ 

+ 

5 

- 

+ 

“ 


6 

- 

+ 

- 

+ 

7 

- 

+ 

+ 

” 

8 

- 

+ 

+ 

+ 

9 

+ 

- 

- 

- 

10 

+ 

- 

- 

+ 

11 

+ 

- 

+ 

* 

12 

+ 

- 

+ 

+ 

13 

+ 

+ 

- 


14 

+ 

+ 


+ 

15 

+ 

+ 

+ 


16 

+ 

+ 

+ 

+ 


To prepare the solutions, first the appropriate quantities of nitrite and nitrate salts were 
weighed on a Metier balance and then added to a 250ml Erlenmeyer flask. Next a small 
amount of deionized water was added to dissolve the salts. Then 9 ml of nominally 50 
wt% H 2 0 2 stock solution was added to the flask. The H 2 0 2 stock solution had a density 
of 1.1935 g/ml and was determined to contain 48.3 wt% H 2 0 2 by standard titration with 
0.1N KMn0 4 . Thus 5.173 g. of H 2 0 2 was added to each flask. The pH of each solution 
was adjusted by the addition of NaOH or KOH solutions as appropriate and/or addition of 
H 2 S0 4 solution. Simultaneously while achieving the desired pH, the final total net 
weight was made to total 100 g. The pH was measured with a glass electrode pH probe. 
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calibrated at pH = 7. The starting weights of all of the solutions were noted and 
aluminum foil was placed loosely on the top of each flask to keep out cont^toants : 
minimize evaporative water losses, yet allow the 0 2 from * e decomposition of ^the H 2 O 2 
to escape. A “blank” was also prepared that contained only 100 g. of water, and capped 
in the same manner, to measure the weight loss due to water evapora on. 

After 68 hours the flasks were all weighed again, the weight loss c ° rr ® c ^^ ^ t^of 
evaporation, and the remaining weight loss being due to 0 2 escape from decomposlUo 
H 2 0 2 . Using stoichiometry, the quantity of H 2 0 2 that decomposed can be calculated 
the 0 2 lost as was shown In equation (9). Samples were taken from each flask and 
titrated with 0.1N KMn0 4 to determine the quantity of H 2 0 2 remaining. The! that is 
unaccounted for by these methods Is postulated to have reacted with the nitrite as 

expressed in equation (11). 

[H 2 0 2 ] reacted = lH 2 0 2 ImiUaI “ [H 2 0 2 ] decomposed - lH 2 0 2 ]remalnIng (U) 

The one difficulty encountered In this method was the discovery that ^ 

the titration analysis for H 2 0 2 also reacted with any nitrites that were still present. This 

was corrected for mathematically as explained In the appendix. 

3.1.2 STABILITY STUDY #2 

The second stability study considered the effect of pH on the stability of U 2 0 2 the 
Since of 4 salt! Solutions were prepared similarly to Study #1. except *at no salts 
were added. Erlenmeyer llaslts of 125ml capacity were used to preps^Mlutlons totaling 
30 0 in weights. To each flask was added 3ml of the stock H 2 O 2 so u - 2 

H 2 0 2 m each solution. The pH was then adjusted with MS soluUtms or pellets. J'T 
measuring pH levels at 11 and 13, the probe was calibrated P ' w ^ for 

loosely capped with aluminum foil and samples withdrawn at different time intervals 
titration with 0. IN KMn0 4 for determination of H 2 0 2 remaining. 

3. 1 .3 STABILITY STUDY #3 

The third stability study was a 2 3 factorial experimental design to compare the effect of 
mree“4fbts (pH. IH 2 0 2 I. Na* or K*l. with levels of mtrate 
the response variable, %H 2 0 2 decomposed. The design ma 
below in Table 4. 


Table 4. Stability Study if 3 - Z 3 Design Matrix. 



Cation 

pH 

h 2 o 2 


- = Na + 

- = 9 

- = 2.3 wt% 

Test # 

+ = K* 

+ =11 

+ = 5.2 wt% 

1 

. 

- 


2 

- 

- 

+ 

3 

- 

+ 


4 

- 

+ 

+ 

5 

+ 

- 

" 

6 

+ 

- 

+ 

7 

+ 

+ 


8 

+ 

+ 

+ 
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The quantity of nitrate and nitrite salts added was that necessary to achieve (40 mg 
lon)/ml, which roughly corresponds to 5 wt.% salt. It was felt that a better comparison 
could be achieved if the ions were present in equal concentrations rather than the salts 
being In equal concentration. PH levels of 9 and 1 1 were chosen for this study. Two levels 
of H 2 0 2 were used as indicated in Table 4. the lower value being approximately Just 
enough to react with the nitrite present. Solutions were prepared and handled in a 
manner similar to the procedure described for Stability Study #1. 

3.2 SCRUBBER EFFICIENCY EXPERIMENTS 

In addition, preparations were made to conduct small scale scrubbing experiments to 
measure the efficiency of the solutions on removing N 2 04 from gaseous nitrogen. A gas 
mixture of N 2 and N 2 0 4 flowed from a pressurized cylinder, with the flow controlled by a 
needle valve and the flowrate monitored by a rotameter. Next the gas passed through the 
scrubbing liquor contained in a midget lmpinger. After the impinger It was possible to 
capture a sample of the exit gas In glass sampler for later analysis. A simplified diagram of 
the equipment Is shown In Figure 2. 


Nj0 4 /N 2 



Flow Midget Gas 

Meter Impinger Sampler 


Figure 2. Scrubber Efficiency Experiments 


This arrangement was to allow comparison of the efficiency of different scrubbing liquors 
and at different gas flow rates, but time limitations prevented the completion of this part of 
the work. 
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RESULTS AND DISCUSSION 


4. 1 STABILITY STUDY # 1 

In the first study a 2 4 factorial experimental design was used to compare the effect of four 
variables (pH. [N0 2 1. INOsl. Na* orj^on 

^esentefinTable 5 .^eweight lost was measured after 68 hours at room temperature. 

The fraction H 2 0 2 decomposed was determined from the weight loss, attributable to the 
0 2 escaping and was assumed to be more accurate than the ^cUon there 
determined by UtraUon with 0.1N KMn0 4 . Thus, for example. inRun #1 o^ahy there 
was 5 17 g. H 2 0 2 with 0 g. H 2 0 2 lost as determined by weight loss, therefore 
assumed that 5 17 g. H 2 0 2 remain, even though the UtraUon gave a value of 5.02 g. H 2 0 2 

remaining. 

Figure 3 contains a tabular display of the response factor for Stability Study #1. 
stressed as percent H 2 0 2 decomposed. Each cell In the «^le con^on^to^ specie 
combinaUon of the factors and aids in the analysis of the data. The effect ^various 
factors can be compared by comparing different columns or rows. .. . 

^"composed* Is slgWdy higher at pH 9 == she™ m the hvo rtghhno^ 
columns. An average of 65% of the H 2 0 2 disappeared at pH - 9 and only 4% 
disappeared at pH = 6. 

A response plot shown In Figure 4 Illustrates the effect of pH on the percent H 2 O 2 
decomposed P Each data point in the response plots represents an average responsefrom 

%£ ’S^tSiesJZt ^u^m may have^shght stabbing effect over Ore 
sodium salts, l.e. less decomposed. 

The distribuUon of the fate of the H 2 0 2 is shown graphically in Figure : 5. The v alues 
shown for each set of condiUons is the average of the four runs wh ch satisfy th ose 

condiUons. similar to the treatment for the response plot It a PP ea ^f^ the 

nitrite present in the original soluUon. a significant portion of the nitrite reacted with the 

hydrogen peroxide to yield nitrate. 
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Table 5. Stability Study If 1 Results. Runs 1 to 8 contain sodium salts. Runs 9 to 16 contain 
potassium salts. 


Run#Orig. 

NaN03 

Orig. 

NaN02 

Orig. 

H202 

Total 

weight 

P H . , 

Weight 
lost, 
g. 02 

H202 : 

decomp. 

H202 

remain, 

H202 H202 Fraction 

remain, rx w / of H202 

Fraction: Fraction 
of H202 of H202 
decomp : remain 

or KN03or KN02g. 
g. g 

T 

g- 

wt% 

(titration) 

g. 1 N02, g. rx 

1 

1 0.00 

0.00 

5.17 

99.9 

6.1 

0.0 

0.00 

5.02 

5.01 1 t 

i 

0.00 

0.00 

1.00 
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0.00 
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6.0 

0.1 

0.21 
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0 . 00 ; 
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0.96 

3 0.00 

5.01 

5.17 
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0.3 

0.64 

2.39 

2.45 1 2.08 

0.40 

0.12 

0.47 
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0.30 
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0.27 
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0.29 
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0.16 

0.16: 1.61 

0.31, 
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0.03 

9 0.00 
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4.94 1 
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0.00 
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0.00 

0.53 
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3.19! 

J.89: 
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0.62. 

0.38 

15 0.00 
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1.4, 
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0.15; 2.04 

.0.40 

0.58 

0.03 
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5.00 

5.17 

99.6 
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2.98 

0.04; 
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Figure 3. Tabular Display of Stability Study #1. Response is the percent H 2 Q 2 decomposed . 
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Figure 4. Response Plot for Stability Study # 1 . 
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Figure 5. Distribution o/H 2 0 2 after 68 hours in Stability Study # 1 . 


4.2 STABILITY STUDY #2 

The second stability study considered the effect of pH on the stability of H 2 O 2 In the 
absence of any salts. Solutions for this study were prepared at two different times, flrst a 
set o” 5ireeTolutIons at pH = 9. 11. and 13: later a set of six samptes were preyed 
consisting of duplicates at each of the pHs. Samples were withdrawn from the solutions 
at various times and titrated with KMn0 4 to determine the H 2 0 2 concentration. The 
starting concentration was assumed to be the calculated concentration base on we gh 
and pipetted amounts. The rate of decomposition can be calculated as the perce t 
decrease in concentration divided by the elapsed time. This data is presented in Table 6. 
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An Interesting observation during this work was that when all of the samples at pH 
were titrated soon alter preparation, over 60% of the H 2 0 2 had already disappeared. In 
Figure 6 all of the data is plotted as decomposition rate vs. pH. The decomposition rate o 
H 9 0 2 at pH = 9 and pH = 13 was comparable, but surprisingly pH - 11 exhibited a higher 
decomposition rate. Thus the decomposition rate as a function of pH appears to go 
through a maximum at a pH around 1 1 . 
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Figure 6. Stability Study #2 - Effect of pH on Decomposition Rate ofH 2 0 2 . 

The highest values for the decomposition rates at all pH values occurred at the shortest 
tatervafe of time This can be seen better In Figure 7. decomposition rate as a function of 
^e ^e dSSnposition rate was very high Initially and then leveled off with time when 

expressed as %decornposed/hour. 
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Figure 7. Stability Study #2 - Decomposition Rate vs. Time 
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4.3 STABILITY STUDY #3 


The third stability study was a 2 3 factorial experimental design to compare the effect of 
three variables (pH, [H 2 0 2 ]. Na + or K+). with levels of nitrate and nitrite held constant, on 
the response variable, %H 2 0 2 decomposed. The design matrix was presented earlier in 
Table 4 and the data and overall results are presented in Table 7. The weight lost was 
measured alter 68 hours at room temperature. As in Stability Study #1. the fraction 
H 2 O z decomposed was determined from the weight loss, attributable to the 0 2 escaping 
and was assumed to be more accurate than the fraction H 2 0 2 remaining as determined 
by titration with 0.1N KMn0 4 . Both the H 2 0 2 and the nitrite react with the KMn0 4 
during the titration, but this has been corrected for, as explained in the appendix. 

Figure 8 contains a tabular display of the response factor for Stability Study #3, 
expressed as percent H 2 0 2 decomposed. Each cell in the table corresponds to a specific 
combination of the factors. The effect of various factors can be compared by comparing 
different columns or rows. There does not appear to be any strong trends in this data. 

A response plot shown In Figure 9 illustrates the effect of pH on the percent H 2 0 2 
decomposed. Each data point in the response plots represents an average response from 
two runs, obtained by holding two of the factors constant. No explanation Is obvious as 
to why the two lines in Figure 9 cross.. 

The distribution of the fate of the H 2 0 2 is shown graphically in Figure 10. The values 
shown for each set of conditions is the average of the two runs which satisfy those 
conditions. It does appear that a significant portion of the hydrogen peroxide reacted 
with the nitrite to yield nitrate. 


257 



B. H. Glasscock 


24 


Table 7. Stability Study #3 Results. Runs 1 to 4 contain sodium salts. Runs 5 to 8 contain 
potassium salts. 




pH 
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11 

H 2 o 2 

HjO, 
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Na + 

50 

83 

57 

43 

K + 

38 

76 

50 

44 


Figure 8. Tabular Display of Stability Study #3. Response is the percent H 2 0 2 decomposed 
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Figure 9. Response Plot for Stability Study if 3. 
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Figure 10. Distribution of H 2 0 2 after 68 hours in Stability Study #3. 
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5. CONCLUSIONS 


Small scale laboratory tests were conducted to evaluate the stability of H2O2 in al aline 
mixtures, some of which included nitrate and nitrite salts, and which were adjusted to 
different pH levels. These mixtures simulated the proposed scrubber liquor for removing 
N2O4 from the scrubbing of hypergolic vent gases. Currently the N2O4 vent gas is 
scrubbed with a sodium hydroxide (NaOH) solution resulting in a hazardous liquid waste. 
This study investigated the use of a solution of potassium hydroxide (KOH) and hydrogen 
peroxide (H2O2) for the nitrogen tetroxide vent scrubber system with a goal of producing 
a solution of NO3 that could be used as a fertilizer. 


A series of three different stability studies were conducted. In the first It was found that 
the most significant effect was the pH: an average of 65 % of the H 2 0 2 disappeared at pH 
= 9 and only 4 % disappeared at pH = 6 after 68 hours at room temperature, ft s0 
appears that when there was nitrite present in the original solution, a significant portion 
of the nitrite reacted with the hydrogen peroxide to yield nitrate. The second stab ty 
study found that the decomposition rate of H2O2 as a function of pH appears to go 
through a maximum at pH 11 . In the third stability study it again appears that some of 
the nitrite is converted to nitrate. 


In conclusion, a mixture of potassium hydroxide and hydrogen peroxide shows promise 
as a scrubbing liquor for N 2 0 4 because of its ability to convert the nitrite in solution to 
nitrate, thus producing a solution that may be useful as a feed stream to a fertilizer 


manufacturer. 
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Appendix A 


Appendix A Separation of the H 2 O 2 and NO 2 ' Interactions with KMnO,*. 

The following two material balances can be used to solve for the H 2 O 2 remaining and the 


H 2 O 2 that reacted with NO 2 '. 

Hydrogen Peroxide Material Balance: 

g. H 2 0 2 initial - g. H 2 0 2 decomp. = g. H 2 0 2 remain - g. H 2 0 2 reacted w/ N0 2 - (A 1) 

KMnO^ Material Balance: 

total ml. titrate = ml. titrate for N0 2 - + ml. titrate for H 2 0 2 (A. 2) 

Let the two unknowns be expressed as 

x = g. H 2 O 2 remain (A.3) 

y = g. H 2 0 2 reacted w/ N0 2 ‘ (A. 4) 

Now developing equation for (ml. titrate for N0 2 j: 

g. N0 2 " remain = g. N0 2 ‘ initial - g. N0 2 " reacted (A. 5) 

and the (g. N0 2 " reacted) can be related to "y" (g. H 2 0 2 reacted w/ N0 2 ') from the reaction 
stoichiometry: 

g. N0 2 - reacted = y (MW NaN02) / (MW H 2 O 2 ) (A.6) 


Expressions can also be developed to relate the (g. N0 2 ~ remain) to the (ml. titrate for NO 2 ) 
and to relate the (g. H 2 0 2 remain) to the (ml. titrate for H 2 O 2 ) based on the titration 
sample size. 

Thus the two material balances, equations (Al) and (A2), can be written with only the two 
unknowns "x” and "y", all other values being known. It is just a matter of algebraic 
manipulation to solve for "x" and "y”. 

The one problem with this correction Is that the N0 2 _ does not react completely with the 
KMnC> 4 . but most of it does. It was determined by titration without H 2 0 2 that 68% to 78%- 
of the N0 2 ‘ reacts with the KMn 04 , thus a correction factor was used to account for the 
partial reaction of N0 2 ‘ with KMnC> 4 . 
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